Altered sodium channel gating as molecular basis for pain: contribution of activation, inactivation, and resurgent currents.
Mutations in voltage-gated sodium channels, especially Nav1.7, can cause the genetic pain syndromes inherited erythromelalgia, small fiber neuropathy, paroxysmal extreme pain disorder, and chronic insensitivity to pain. Functional analysis of these mutations offers the possibility of understanding the potential pathomechanisms of these disease patterns and also may help to explicate the molecular mechanisms underlying pain in normal conditions. The mutations are distributed over the whole channel protein, but nevertheless induce similar changes for each pain syndrome. In this review we focus on their impact on sodium channel gating, which may be conferred via modulation of (1) conformation (affecting all gating characteristics); (2) the amount of voltage-sensing charges (affecting mainly activation); (3) interaction within the protein (e.g., binding of the inactivation linker); and (4) interaction with other proteins (e.g., for generation of resurgent currents). Understanding the molecular basis for each gating mode and its impact on cellular excitability and nociception in each disease type may provide a basis for development of more specific and effective therapeutic tools.